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i tmm 1 1 mi <n%<m.mbm t.m&i <nK%m 
&ftm±.izmm £ tix a n im i n&m&fcm t *>x 

as i <^»ti*»i±fcffli$*iTa o en***.* m 
«ff ties LTWt»i*iw«tr* wt @ *i t , he® 

ttt*ti i »«»2»raj!aat(Wi k zmtxa o , 
mtm mm 2 n&mmfcm t iftzmtte lx^i 
m$m2 ] mm 2 mmn&mmtiK *±mm 

t»«JS3] wimnwmti&mmommtf. 0. 

3~2nmT*S£k*1«fc*S»*JSlXU:2tcE 
««««B8iaft*-t>-9-. 

[M#ii4 ] mim2<7)%.miimm±.izmm2tifz 
mmzztiizmifztt zmt-tm^m 1 *»a> 3 

'Vy H. 

[fS#H6 ] m 1 <3R!MKtt*MK Ml? 1 <r>m®.& 

®fem. m<r>im&&mis. mu^mm^mmzm 
®ix®tt.U[Zitf^i-tmik&&m. »2«*att^ 
2ff)Rmm#m£mLMfr 
mMzmLXMnmM%mm&£®tfitzz7''vT 

£1912* 2 ^R&«tttt*«:^*-- y /-f >y 7 
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[n*iB7 ] wssi2<»mtt£&Mn t ix . it&m 
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nmmi mssd2mim^mm<njsmi. 0. 
3-2 nm{zmm-hzb^mb-ttm^.mx\ti 
izmmcommxm. 

ie* 2 tossamKmi.iz'?* 9 s xf y ? 

b. m^A7£-frLX4yt>z. , )y7'£'<70?.7-v7b 

zffitfzzb*mmb^hWiim(>frt>9<7)^-?tii)->i 



mzimnwmm. 

[ft^JSi 1] mM-?*?bix. Ta, Ruxkm 
hMfrb&zvxrzm-'hzbzimb+hmjmi 

[M&ft 1 2 j luievx^ k lt , Htrie^ 2 ^r^ii 

ttf*«OjiJ?<y)#; 1/2-1/3 vW&yix 7 Srffl^ 

[»*fll3 3 lufEvx^kLT. Al 2 0 3 XteS 
i 0 2 fcjfl^* £ k £#ftkt*i8£ 

JH1 0£iEtt«»ig2rS. 

ttttlOj||JJ<7)& 1/3-1/5 X ? 

* i k £#fsk-r sin #ji 1 3 (cfeaowa*ffi. 
[Ii$3ii5] Mievx^^ur^r-^^^yxy 
?>rm£inxmf&?&zb*<mb~t&mmi 0 

[||*JS163 MiE7X?£7*-;$xiM:tyt*- 
Aft^J:-,T?FM-r4^k^^k-ri>lt*JHl 0tf>£> 

1 4 eo^-f i mzimwm&m;. 
i h*ji 1 7 ] mtm 6 *> a. 1 6 <n\ vrtm^ 1 is^ie 
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«<oE*a»«a«3»* ( gmr) tnmttzwiffim 

* (MR) z^MR-tyy-zmttz. 

^?%m. (hdd) &m$mm&m&mmm 

[0002] 

[fie^ftffi] WRBSl'Vy Kk LT{±, B!iliLffl^M 
R-fey-9"I0*>MR*^ Srtf4S4^'y YbWL*m<?> 

4 >y? r 4 rm^ttum^ -y h k s-si Ltm 

[0003] h d Doismmuzft^xmrnmR 
tmtitfwmwm&^v vwgtztix^z. z<r>x o 

%m3ilZ%z_Z>i><7)tlX. GMR^M-t4-fey^<?)l 
•oX'foh x t w SrfOIH Ltz MR-fe y-t^S*^ 7 

[ 0 0 0 4 ] X t y/ 'OPr^fcflttMt . 2 O<03$18tt 
^>-*^3SSatt«tJl (fiMbSSff. t>K(pinne 

d)m) izmm X 0 lz Itz fe <0T* l> . W T 
(aWtSfi&Jf , 7'J-(free)B) kt'Ji^LRIE 
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[0005] ZCOU^M^-y Y<M¥& b LXIZ. *)l> 

KM'U 7xm.M £ lEg-f &Zblz±~> X'Uhix * . 
[0 0 0 6] MR-bytf^HfflStffif^*^ 

# < 3?ftl> a*,U? y N^-fe>y ^ Xct)^# t J: 
[0 0 0 7] i»J:^«r^lt*tlWW-*fc*, 'J-H 

-4503 7#£HL WP9 - 2 8 2 6 1 8-^fg. 
ttHPFl 0-1 1 2 1-313 
13#&f8, ^2 0 0 0-7 6 6 #g§2 
000-22800 3^&$. 0 0 0-33 1 3 

1 6^4«B) . 
[0008] 

o fc y - HlfiiB £ *-y \*- 7 -y TEE LfcMiSfc: J; S 
fc s :t-y\'-7 . y 7 , Lfcffl5#cOMR-fe yiftfJ^O©* 
ki^S^t^'T^i^y, MR-fey^OjBWW: 

saM^e. hp*>8*m^ -y h omsizm® hy-v? m* 
y - Fwnaiwij: o \>&tf~>x 1 1 o t ±# i 

[0009] «-5-C*HIBOBWJi» »^SWj3c5fctt* 
ft* £ t #T'# « t^tcHSftWi^a^Stig^te^ y £ 
fi&jtt S^tfT'^&MR-by-^ diOMR-fey-tf^ii 

[ooio] *mmm>nm&. sg#ss$:MR-fc 
>+r. zniAR^vvzfaLtznwms^vY. mr* 

ZZblzhZ. 
[00 11] 

K&m&fcmb. &i<»%.%timm±izmm2i\xi5 



» 1 *#H»tt£KJH t . » 1 <o*i»tt3fea«±t£»a a 

Utt&RSi. £20#®tt&m«±£h7-y?<l£*f 
*Bt6IBHtHiT"C«W$*iT*J')»Wt**^6 l*f 
O^2<0R3$8ttfrli:^fili--Cfcy, l*f<0^2<7)R 

aattfri^TfraMJ-wa^ a *i 1 1 *tosg 2 «>r» 

814ft« b l X M R-fe y-tf-&t>'£ «M R 

[0012] MRaS^^S^8tt*/l (SI OK^H 

2co&mmm) *«slt^s. ^<oi«<iorai« 

Ji^^aMhWWSBftfcRiBLiv^ 9 lei 0 . MR 

[0013] afta*JB<o±WMatt^«fl m20#i 
w&&mm) tmsztLX^&tzit). y-K^s-cfts 

S . i <7«Wka *«*^IJ f>ilT M Raj^tt£MC# 

ttJf (m2<OR^58ttf*l) <0T«H»ttA*Jl3&«K{t 
4>*iT^*fcft. roH2^R3$)Stt«cai:lllOS^ 

w&ftmb tmxBfcitzi§isizi>m%<Dm.% 
i t k «fc o . w^BMt^riii&anioirifcKc 
[0014] m2nim&&mmm&mtt®frt>tfiL& 

ZbWfttLK. :<OMMWCu, AuXliAg 

[0015] m2<&m&&mm<?)mf>K 0.3-2 
#j;y$f£U\ 

[0016] «2<0K3ieafMI±(2IM$^:«(MI 

wmfcmtxtz y - Kmet txmm-z . 

[0017] J:ix«f . $ ^ t, « 1 OR^HIt 

fM. »1 (OR3t»tt*Wfc<0X«e^tcJ: O^M 7X 

sn$ns m^mmzm ixwfctifaimfctz>m&% 
&m. &2<r)im&&&mMfm'%/&.ttth&2<nK 
®>mfom zmfcmfr t>m<mm ixm Rmm&£j&& 
thxr vTb . z<7)MRmm#zm%Bmzrt?-- 
y?-?&x7-s7b. Yy-ytmiztti&tzffimzmx 
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•fe vynm&.-frmmfz omMnmz x -> x m r* y-t 

[0018] )&ffc@&«^±WN&tt£J5Jf (3j$2^ 

\n<nmm.&m {^2<nmm&.wm) £^*y$ 

ftT M RJli^!|ftt^L* ? 4 1 h =k 5 ftSfta^H k & 
h . t tz . ' 1 #^K&®tett««Tt#&tt&]RJI#f& 
(t^»itTV^3ta6. £<7)&2£7)R$$&ttttJI2:!&l?)R 

amiiwi k £ isi ttmxMfc LtzWr&iz t 
mttf^Azmzzztt**), 7--vy7(?)3ittz 

izfflffli-&zttf"imt%h . 

[0019] m2(Dim&£migk tx^mmm 

[0020] %2<r>im$&mm<r>wm.*. o. 3-2 

nmlzmfc-r&ZkfiWiK. 0: 3-lnml« 

t&zktfxvmiw 

[00 2 1 ] MRifBfrfcffMt* X^f-y^ %2<n 

mmmmtizmftm* $ uzmm-z v rx% 

&ZkmtU\ 

[0 0 2 2]A7-zy/nxf77"A\ &20)W& 

mtfrmMz^xm&m-hx^vTk . zwz? 

*ftlX4*y$Vy7'Zft?XT>y7k*1iat-l-k 
[0023] ZCDIXfklX, Ta, RuXliRh® 

x?k tXs m2<r)Rmmm<m&<?>%) 1/2-1 

-yto^f^y$ u y^regh=5:.i>. 

[00 24] VX^kLT. A 1 2 0 3 X(iS i 0 2 1 

x?kt-c. ^2<nmm&.m<r>mM<mi/3-i 

J: d^Tflv^^^Srfflv^C k lz£ *) . J: Qfc'NSr''?* 

[00 2 5] 'JT^r-f ^-yx-yf-y^ 

(RI E) aX{±7a--*XhM^yt'-A (FIB) 
JSC «t o Xjmtl £ fc AW* U\ 
[00 26] 

[^consi^® ] 0 1 a^mn-masmk. 1 

X. mftlRcDMR-kyittttZW^yVkW&X- 

max yy?7-4 7m=F-&n+hs&**v vktmiK 

h 0 , flBR^-y KW??±ffi ( A B S ) tzm££1iftfrt> 



[0027] Hltlfc^T, 1 OteZyJ 7<Dim&Z 
*Jfi-r**«. 1 ltt3HS10±t:H^Uirv^TlSK* 
rtl/CJBJftSJvO^TaSs'-rt'Kl. 12liS±^. y 

-7H^>-y7'« (feiH) 14&tfl 5$r^LTTSI5 
x-^FJfl 12K/±S5v— ;l/h'®l 2Bfc. ABS 1 
0 afcSotMtl) J ofc^SftfcXtfy^WM 

RAW*. i6j±±a«««. 1 7<iwmiaiiTflijK$ 

[0028] TtiNBSff 1 2»tf ±*««1 1 6 ^ftSg 
«U«>J^»<04P-v -y rm 1 9 
351 2a&l/l 6a£fMLT£i>). C^^#-;WKl 
2a&tfl 6 atZtS^XWti&i-tfWbtll . 3-?« 
£flffiWFSfffiM 1 2&tf±S«S* 1 6C0X->U 
3 1 2 a&tf 1 6 a t liWiA'.y^^t 7 TSPT'ib 

n>f/i^^®i7fi, *e^si8±tc. a-^awe^ 

[ 0 0 2 9 ] H2{iH 1 <^Ot»JBfc:*jJt* x t'yA> 
0, Oa^-y h'OAB S 1 0 a^|S]*^l./cBtffl^*t 

[0030] HHfc^-iat, MRiiflsnii t 

Wnts-fVY** «/Tm\4±iZTW& \ 3 0$r^LT 
»«S*iTViS»l ^R3Sffitt*« 1 3 1 k . ^<r)BiZ 

«i$ixTfco. mioR^egttftii 3 1 k<?mm 
atizx o^m r^»ff*«ffliras^*«ftias« 1 3 2 
t . mw%m 1 3 2±fcflws*utii! 1 <?)i$fflt&m 
m 1 3 3 k . iwm&wa 1 3 3±_izmmiixm. 
mztiz m^wmz&® Lxmtxtotimt-t&mt 

[0031] awtatJii 3 4co±t«. m2<7)^«tt 

^S/12 l*^®$flTfcO. C^S2C0«14^S1 

2 1 ±ic»4 . mmaco 1 ^<om 2 2 2 # 

It. V-FV&ZtttfLlXWm^X \-7-y7miZtfRi 
•thfBmt:WtXXWa.tl =t 3 y/§ilTV^ 
6. JB2<ORSI»tt*Ji2 2±tUi, TaS2 3S^ffi 
2 4 4«*<l W»S$tLT^6 . 

[0032] *mH0B9fc&HXtii. Tim 1 3 0 k I 
TNiCr (4nm) . » 1 <0R5iSttttfW 1 3 1 k L 
TPtMn ( 1 5nm) . Bfflll 1 3 2 fc LT C o 
Fed. 5nm) , Ru (0. 8nm) RVC o F e 

(2nm) 03«IUt, * 1 ^BWtAJMI 1 3 3 k L 
TCu (2nm) . JK-fLiiai 34 k LTCo F e 

( 1 nm) m?N i Fe ( 3 n m ) «2Sfilii, %2<D 
m$&.mM2\kY,XCu (xnm) . *2<0Baia 
ttft®2 2kL-CPtMn (10nm).Tal23 

( 1 nm) RVimm24kLXh 1 2 0 3 (8nm) 



!(5) 002-368305 ( P 2 0 0 2- 3 6JL8 



[0033] *mmmz}$nhm 1 omm&fc® 1 
3 1 . mm&a 1 3 2 , » i amH&&mm 133s 

tfBHfcg&l 1 3 4^flM»m&tWVU. ±»Lfcfc 
<7)Ol5££ixl>.rk&<, a**>*WatfI!IJW«ffl*r 

ire* *. BHfcBSsi 3 2&traftiAJi 1 3 
ffi0SR<o£««e * fgffl-t & i k t r « « . 

[0034] 8S2?>K&l8ttftl2 2k LTtt. PtM 
n«9fl&C NiMiu I rMn, RuRhMnM^ 

[00351 «2^fflffiAJR«2 It LT«. Cut?) 
ftfcfltttfA uX<4A g**>Jt*||ttf|*ttJ8-f & •- k 

£ . £*>SS 2<&W&&mm 2 1 (OJUIk LT 
li. 0. 3-2nmAWiL<. 0. 3~lnm#J:») 

[0036] Zcr>m2cr>im&±mm 2 1 (i. y- HI 
fi-c* S S 2 <7>K3$l&1tftl 22£4*y$y y 7'Tvn° 

tzm*it&. mm 2 <DK%mmfcm 2 2 1 m 1 *> 

R3$l&ttftl 13 1k *H tttBTJftfi Lfc*£fc fcPi 
I.. 

[0037]£*>J:-3 £PiK!ft^ft«affi«tttt£fl 



[ 0 0 3 8 ] 03 ( A ) (SjctJ: dfcflWMttS**-** 

saws#^>fc«>«)T--yy^fTofc. i^^jBK^) 

RlflBtZUflMni, Ta(5nm)/CoFe(ln 
m)/NiFe (4nm)/Cu (xnm)/PtMn 
(24nm) /Ta ( 5 nm) X'$>*). CucORJP^S 
C o F e/N i FeAWBAl 1 3 4Xtt«ft 

a^i 1 3 2 ttffc l, cu tfm2<nimf&-kwm 2 1 
w« u . p t m n m 2 oz&m&m 2 2 xim 1 

<7)B3ffi&&mi 3 lC**JSLTir>£. fcfc. *BHffl* 

fcSWSilTV^ik&SLT^S. 0Ulf TTa/C 
oFej^Sieiil TaJf kCoFeJffc#TaJf# 
T(»») trtSiafcSWSfLT^SikftllLT 

[0039] 10g<7)7--yy^kLT<i. 113 
( B ) tC^-f <fc p Of B^jfakTOc 3 k O e OKIf* 
Bt&HU 2 5 0iC<0fflaf*5l«a«H*Lfc. 20BO7 

--y^kLTfi. @3 (O i^jdicflWKrft 

kSttK2 0 0Oe«0«#££ranU 2 1 0'COffl££ 
2B#Etl#U:. 
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S4 


0. 3 


431 


403 


! 0. 5 


381 


359 


0. 8 


310 


299 


L 0 


275 
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i 1. 5 


152 


146 


| 2. 0 


65 


56 



[0 04 2] 1®&C7)T--V ~>X®Mltzx 
J^£fcJ:*A*>f 7*BWHex-lfcL Cul*%V> 

< . c uffaitifcftfcg < fr*fco*tt 

k«fc*rtwv<4 t*si#h e x- 2tfmnmzft t>n 
m t mt&Mzm t x \ » 5 . 1 @ a 07^- y 

y^c J -^TflfcfifcSaJMSafc J: b>U rxmm e 

x - 1 ^2®acor--y v^z^x mikLz^z 

t£*lX^Z>. HP%, aftH^«13 2k^lc7)R® 
BffifrBl 3 lkliiffiNfcfc«L-0*Sfctf>. ^11U 

@<?)r--yy^icj:i.>'^rx^Hex-m, 2 



X- atfts*ii3 4k»20R»aEttfMi2 2k^)ia 

tt^^^. 2®3<7)T--V>7'$:'tTZ.8. toftm 

■}iftkmw.i;ftw txis^h e x- 2*^#^>ixsc: 

kt^S. 

[0043] 04*^t, Cuf, W%Wi2<nfm$& 
WM2l<r)mm±. 0. 3~2nmgfl&6i«Jff4L<. 
0. 3-1 nmgJSAUOff^ 

[0044] we. 1 3 4 k£2 nmrnt 
&m22t<rm<rmm&u txwrh e x<os?2o 
2 2 s^'^ 2 ^Mitt&m® 2 1 o^jf is 
ftmz^xmmi. w.T<?>m 2-^714, ^20^ 

v\ *2«)R«BjEtt«c«2 2ktTJaH!*^ , r , *>SP 
t M nRl/T-mmm^±X'hl I r M n ^fflV^c%^(7) 
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imte&UTx®.mex<»Mmim&£ifiix^ to 045] 

S. SMLiEtllfc l/tli. CoFe (1 nm)/NiF [312] 
e (4 nm) S-ffltvt^*. 





S&fcS/W 7 Hex (Oe) 


PtMn\(aii) 


0 


0.3 


0.5 


0. 8 


1.0 


1.5 


2.0 


24 


98.5 


408.9 


358.7 


299.2 


266. 9 


146. 2 


66.1 


21 


85.1 


366. 5 


326.3 


272.2 


242.8 


133. 0 


51.0 


18 


71.2 


3D6. 7 


273. 1 


227.8 


203.2 


111.3 


42.7 


15 


48.7 


209.7 


186.7 


156.7 


138.9 


76.1 


29. 2 


12 


24. 3 


104. B 


93.3 


77.9 


69.5 


38. 0 


14. 6 


9 


10, 7 


46. 9 


40.9 


34. 1 


30.4 


16. 7 


6.4 


6 


4. 2 


18. 2 


16. 2 


13.5 


12. 1 


6. 6 


2. 5 



[0046] 1^3] 





$&&£/W7X&fr Hex (Oe) 


IrMn^fui) 


0 


0.3 


0.6 


0. 8 


I. 0 


1. 5 I 


2.0 


12 


299.2 


108.2 


96.3 


80.3 


71.7 


41.8 


15. 1 


10 


272.2 


98.4 


87.6 


73.1 


65.2 


35. 7 


13. 7 


8 


227.8 


82.4 


73.3 


61.2 


64.6 


29. 9 


11.5 


a 


166. 7 


E6. 3 


60. 1 


41.8 


37.3 


20. 4 


7.8 


4 


77.9 


28. 1 


25. 1 


20.9 


IS. 6 


10. 2 


3.9 



C0047] im4) 





$!^/H7X81# Hex (0e> 


\au <z>mm 

PtMn\(nn) 


0 


0. 3 


0. 5 


0.8 


1.0 


1.5 


2.0 


24 


93.5 


523.8 


466.3 


SB9.0 


347.0 


190.1 


72.9 


21 


85. 1 


476.5 


424.2 


353.8 


316.6 


172.9 


66.3 


18 


71.2 


398.7 


355.0 


296.1 


254.1 


144.7 


55.5 


15 


48. 7 


272. 6 


242.7 


202.4 


180.6 


98.9 


38. 0 


12 


24. 3 


136. a 


121.3 


101.2 


90.3 


49.5 


19. 0 


9 


10. 7 


69.7 


63.1 


44.3 


39. 5 


21. 7 


8. 3 


6 


4. 2 


23. 7 


21. 1 


17. 6 


15. 7 


8. 5 


3.3 



[0048] [H5] 





^^/H7Xai|i Hex (Oe) 


1 rMn\J[im) 


0 


0.3 


0. 5 


0. 8 


1. 0 


1. 5 


2. 0 


12 


299.2 


136.0 


119.4 


99.6 


88.9 


51.9 


18. 7 


10 


272.2 


122. 0 


110.0 


88.0 


80.8 


44.3 


17.0 


8 


227.8 


105. 0 


90.9 


75.8 


69.0 


38. 0 


14. 2 


6 


155.7 


69. 8 


62.2 


51.8 


45. 2 


27. 3 


B. 5 


4 


77.9 


34. 9 


31. 1 


27.2 


23. 1 


12.7 


4.9 



[0049] [ft6] 





3Eft«&£/W7X«# Hex (0e) 


PtMn\Cnii) 


0 


0.3 


0.5 


0.8 


1.0 


1. 5 


2.0 


24 


93.6 


786. 7 


699.5 


583.4 


620.5 


285.1 


109.4 


21 


85.1 


716. 3 


641.0 


530.7 


473.4 


259.3 


99.5 


18 


71.2 


698. 1 


582. 6 


444.2 


401.4 


217.0 


83.3 


15 


48.7 


408.9 


368.0 


303.6 


270.9 


144.7 


66.9 


12 


24. 3 


209.0 


182.0 


151.6 


136.0 


74.2 


29.4 


9 ! 


10. 7 


92.4 
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DETAILED DESCRIPTION [Detailed Description of the Invention] [0001] [The technical field 
to which invention belongs] This invention relates to the manufacture method of the thin film 
magnetic head equipped with the magneto-resistive effect (MR) sensor using giant magneto- 
resistance (GMR), such as the spin bulb effect, and this MR sensor for magnetic recorder and 
reproducing devices, such as a hard disk drive unit (HDD), and MR sensor, and the manufacture 
method of the thin film magnetic head. [0002] [Description of the Prior Art] The compound-die 
thin film magnetic head of the structure which carried out the laminating of the reproducing head 
which has, MR sensor, i.e., MR element, for read-out, and the recording head which has an 
inductive element for writing as the thin film magnetic head is used widely. [0003] In recent 
years, in connection with the densification of HDD, high sensitivity and the thin film magnetic 
head of high power are demanded. What used for the reproducing head MR sensor using the 
spin bulb which is one of the sensors which present GMR as what replies to such a demand has 
spread. [0004] It is made to impress the exchange bias magnetic field produced in that interface 
to the ferromagnetic layer (the magnetization fixed bed, PINDO (pinned) layer) of one of these 
by the basic structure of a spin bulb separating two ferromagnetic layers magnetically in a non- 
magnetic metal layer, making them sandwich structure, and carrying out the laminating of the 
antiferromagnetic substance layer to the ferromagnetic layer of one of these. Since the sense of 
magnetization of these [ whose non-magnetic metal layer is pinched since the magnetic fields 
which carry out flux reversal in the magnetization fixed bed which receives an exchange bias 
magnetic field, and the ferromagnetic layer (a magnetization free layer, free (free) layer) of 
another side which is not received differ ] two ferromagnetic layers changes with parallel and 
anti-parallel and electrical resistivity changes a lot by this, GMR is obtained. [0005] It is 
required as a property of this kind of reproducing head that a Barkhausen noise should be small. 
Impressing a bias magnetic field (vertical bias magnetic field) to a longitudinal direction to MR 
sensor as a method of reducing a Barkhausen noise is performed. Impression of a vertical bias 
magnetic field to MR sensor is performed on both sides of for example, MR sensor by arranging 
the vertical bias generating layer constituted by the layered product of a permanent magnet, a 
ferromagnetic layer, and an antiferromagnetic substance layer. [0006] However, if a vertical bias 
generating layer is arranged on both sides of MR sensor, the field (insensible field) which cannot 
sense a signal magnetic field near the edge of MR sensor which adjoins this vertical bias 
generating layer will be generated. Since the direction of magnetization of the field near the edge 
of MR sensor by the vertical bias magnetic field is fixed, this is produced. In the structure of 
having such a vertical bias generating layer, since sense current will pass through an insensible 
field when it has arranged to the both ends so that a lead electrode layer may not be 
superimposed on MR sensor, problems, like the output voltage of the reproducing head declines 
and becomes unstable [ output voltage ] under the effect of a Barkhausen noise which appears 
greatly in the edge of MR sensor arise. [0007] In order to cancel such un-arranging, the 
structure which carried out overlap arrangement so that a lead electrode layer might be partially 
superimposed on the edge of MR sensor is proposed (JP, 8-45037, A, JP, 9-282618, A, JP,10- 
112562,A, JP,11-31313,A, JP,2000-76629,A, JP,2000-228003,A, JP,2000-331316,A). [0008] 
[Problem (s) to be Solved by the Invention] However, according to the structure which carried 
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out overlap arrangement of the lead electrode layer in this way, it becomes impossible to also 
disregard the effect of MR sensor output on the overlapped portion, and the big problem that 
the effective width of recording track will spread rather than the gap of a lead electrode layer 
in the case of the effectual sensing field width of face of MR sensor, i.e., the magnetic head, 
occurs. [0009] Therefore, the purpose of this invention is to offer the manufacture method of 
MR sensor which can prevent the flare of effectual sensing field width of face, the thin film 
magnetic head equipped with this MR sensor, and MR sensor, and the manufacture method of 
the thin film magnetic head while being able to acquire high output stability. [0010] Other 
purposes of this invention have manufacture in offering the manufacture method of easy MR 
sensor, the thin film magnetic head equipped with this MR sensor, and MR sensor, and the 
manufacture method of the thin film magnetic head. [0011] [Means for Solving the Problem] The 
magnetization fixed bed by which according to this invention the laminating is carried out and 
a bias magnetic field is impressed by switched connection with the 1st antiferromagnetic 
substance layer on the 1st antiferromagnetic substance layer and the 1st antiferromagnetic 
substance layer, A magnetization free layer from which a signal magnetic field which the 
laminating is carried out on the 1st non-magnetic metal layer by which the laminating was 
carried out, and the 1st non-magnetic metal layer, and is impressed on the magnetization fixed 
bed is answered, and the magnetization direction changes, It has 2nd 1 to antiferromagnetic 
substance layer which separates a gap corresponding to the width of recording track, and the 
laminating is carried out on the 2nd non-magnetic metal layer by which the laminating was 
carried out on a magnetization free layer, and the 2nd non-magnetic metal layer, and has 
conductivity. The thin film magnetic head equipped with MR sensor in which a magnetization 
free layer of a lower part portion of 2nd 1 to antiferromagnetic substance layer and 2nd 1 to 
antiferromagnetic substance layer are carrying out switched connection, and this MR sensor is 
offered. [0012] An antiferromagnetic substance layer (1st antiferromagnetic substance layer) 
makes MR layered product bottom type structure where it is located in a substrate side. A non- 
magnetic metal layer (2nd non-magnetic metal layer) is prepared on a magnetization free layer, 
and the laminating of one pair of antiferromagnetic substance layers (2nd antiferromagnetic 
substance layer) which have conductivity on it is carried out. Switched connection of them is 
carried out to an edge field of that magnetization free layer overlapped caudad, and one pair of 
these antiferromagnetic substance layers fix magnetization of that portion while they operate as 
a lead electrode. Consequently, the portion of a magnetization free layer ceases to react to 
external magnetization, MR output is stabilized, and, moreover, a flare of effectual sensing field 
width of face can be prevented. [0013] Since the laminating of the non-magnetic metal layer 
(2nd non-magnetic metal layer) is carried out on a magnetization free layer, in case patterning 
of one pair of antiferromagnetic substance layers which are lead electrodes is carried out by ion 
milling, a possibility that this magnetization free layer may be deleted and MR output- 
characteristics deterioration may arise becomes that there is nothing. Moreover, since a non- 
magnetic metal layer is prepared in the bottom of one pair of antiferromagnetic substance layers 
(2nd antiferromagnetic substance layer) , When this 2nd antiferromagnetic substance layer and 
the 1st antiferromagnetic substance layer are formed with the same material, and both 
temperature characteristics will differ mutually and control conditions of annealing suitably, it 
becomes possible to control both magnetization direction in the separate direction. [0014] It is 
desirable that the 2nd non-magnetic metal layer consists of a noble-metals material, and it is 
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more desirable that this noble-metals material consists of Cu, Au, or Ag. [0015] It is desirable 
that thickness of the 2nd non-magnetic metal layer is 0.3-2nm, and it is more desirable that it 
is 0.3-lnm. [0016] It is desirable to have further a conductor layer by which the laminating was 
carried out on the 2nd antiferromagnetic substance layer. This conductor layer also operates as 
a lead electrode with the 2nd antiferromagnetic substance layer. [0017] The magnetization fixed 
bed to which a bias magnetic field is further impressed by switched connection with the 1st 
antiferromagnetic substance layer and the 1st antiferromagnetic substance layer according to this 
invention, A step which carries out the laminating of the 2nd antiferromagnetic substance layer 
which has the 1st non-magnetic metal layer, a magnetization free layer from which a signal 
magnetic field impressed is answered and the magnetization direction changes, the 2nd non- 
magnetic metal layer, and conductivity one by one from a substrate side, and forms MR layered 
product, A step which carries out patterning of this MR layered product to a predetermined 
configuration, A manufacture method of the thin film magnetic head which forms MR sensor 
by manufacture method of MR sensor equipped with a step which carries out patterning of the 
2nd antiferromagnetic substance layer by ion milling so that a gap corresponding to the width 
of recording track may be separated and it may counter mutually, and this manufacture method 
is offered. [0018] Since the laminating of the non-magnetic metal layer (2nd non-magnetic metal 
layer) is carried out on a magnetization free layer, in case patterning of one pair of 
antiferromagnetic substance layers (2nd antiferromagnetic substance layer) which are lead 
electrodes is carried out by ion milling, a possibility that this magnetization free layer may be 
deleted and MR output-characteristics deterioration may arise becomes that there is nothing. 
Moreover, since a non-magnetic metal layer is prepared in the bottom of one pair of 
antiferromagnetic substance layers, when this 2nd antiferromagnetic substance layer and the 1st 
antiferromagnetic substance layer are formed with the same material, and both temperature 
characteristics will differ mutually and control conditions of annealing suitably, it becomes 
possible to control both magnetization direction in the separate direction. [0019] It is desirable 
to use a noble-metals material as 2nd non-magnetic metal layer, and it is more desirable that this 
noble-metals material is Cu, Au, or Ag. [0020] It is desirable to form thickness of the 2nd non- 
magnetic metal layer in 0.3-2nm, and forming in 0.3-lnm is more desirable. [0021] It is 
desirable that a step which forms MR layered product is a step which forms a conductor layer 
further on the 2nd antiferromagnetic substance layer. [0022] It is also desirable that a step which 
carries out patterning is equipped with a step which forms a mask on the 2nd antiferromagnetic 
substance layer, and a step which performs ion milling through this mask. [0023] It is desirable 
to use a mask which consists of Ta, Ru, or Rh layer as this mask. In this case, it is more 
desirable as a mask to use a mask of thickness of about 1 / 2 - 1/3 of thickness of the 2nd 
antiferromagnetic substance layer. By using such a thin mask, ion milling of a narrower pattern 
becomes possible. [0024] It is also desirable to use as a mask a mask which consists of 
aluminum 203 or SiO two-layer. In this case, it is more desirable as a mask to use a mask of 
thickness of about 1/3-1/5 of thickness of the 2nd antiferromagnetic substance layer. By using 
such a thin mask, ion milling of a narrower pattern becomes possible. [0025] a mask - reactive 
ion etching (RIE) - law or a focal DOION beam (FIB) - forming by law is desirable. [0026] 
[Embodiment of the Invention] Drawing 1 is the cross section showing roughly the lamination 
of the compound-die thin film magnetic head equipped with the reproducing head which has MR 
sensor for read-out, and the recording head which has an inductive element for writing as 1 
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operation gestalt of this invention, and expresses the cross section seen from the direction 
perpendicular to the surfacing side (ABS) of the magnetic head. [0027] The substrate with which 
10 constitutes the principal part of a slider in drawing 1, the lower shield layer currently formed 
through the substrate film which does not illustrate 11 on a substrate 10, The up shield layer 12 
also uses the lower magnetic pole layer of the reproducing head also [ layer ], and 13 mind the 
shield gap layers (insulating layer) 14 and 15. Between the lower shield layer 11 and the up 
shield layer 12 The coil conductive layer enclosed by the insulating layer 18 by which the 
formed spin bulb MR layered product and 16 were constituted from an up magnetic pole layer 
so that it might elongate along with ABSlOa, and 17 was constituted from organic resin, and 19 
show a gap layer, and 20 shows the protective layer, respectively. [0028] The point of the lower 
magnetic pole layer 12 and the up magnetic pole layer 16 constitutes the pole sections 12a and 
16a which separate the gap layer 19 of minute thickness and counter, and writing is performed 
in these pole sections 12a and 16a. The opposite side is the back gap section in the pole sections 
12a and 16a of the lower magnetic pole layer 12 which constitutes the yoke section, and the up 
magnetic pole layer 16, and it is mutually combined so that a magnetic circuit may be 
completed. The coil conductive layer 17 is formed so that it may turn around the bond part of 
the yoke section spirally on an insulating layer 18. [0029] Drawing 2 is the cross section 
showing roughly the lamination of the spin bulb MR sensor portion in the operation gestalt of 
drawing 1 , and expresses the cross section seen from [ of the magnetic head ] ABSlOa. [0030] 
The 1st antiferromagnetic substance layer 131 by which the MR layered product 13 is formed 
through the substrate layer 130 on the lower shield gap layer 14 as shown in this drawing, The 
magnetization fixed bed 132 to which the laminating is carried out on it and a bias magnetic field 
is impressed by switched connection with the 1st antiferromagnetic substance layer 131, It 
mainly consists of the 1st non-magnetic metal layer 133 by which the laminating was carried out 
on the magnetization fixed bed 132, and a magnetization free layer 134 from which the signal 
magnetic field by which the laminating is carried out on the non-magnetic metal layer 133, and 
a seal of approval is carried out is answered, and the magnetization direction changes. [0031] 
On the magnetization free layer 134, the laminating of the 2nd non-magnetic metal layer 21 is 
carried out, and the laminating of the 2nd conductive 1 to antiferromagnetic substance layer 22 
is carried out on this 2nd non-magnetic metal layer 21. These 2nd 1 to antiferromagnetic 
substance layer 22 constitutes the lead electrode, therefore patterning is carried out so that the 
gap corresponding to the width of recording track may be separated and it may be located. On 
the 2nd antiferromagnetic substance layer 22, the laminating of the Ta layer 23 and the 
insulating layer 24 is carried out, respectively. [0032] In this operation gestalt as NiCr (4nm) 
and 1st antiferromagnetic substance layer 131 as a substrate film 130 PtMn (15nm), As the 
magnetization fixed bed 132, CoFe (1.5nm), Ru (0.8nm), and the three-tiered structure of CoFe 
(2nm), As 1st non-magnetic metal layer 133, as Cu (2nm) and a magnetization free layer 134 
CoFe (lnm) and the two-layer structure of NiFe (3nm), aluminum 203 (8nm) is used as Cu 
(xnm) and 2nd antiferromagnetic substance layer 22 as 2nd non-magnetic metal layer 21 as PtMn 
(lOnm), the Ta layer 23 (lnm), and an insulating layer 24. [0033] The component and thickness 
of the 1st antiferromagnetic substance layer 131 in this operation gestalt, the magnetization fixed 
bed 132, the 1st non-magnetic metal layer 133, and the magnetization free layer 134 can apply 
various materials and thickness, without being limited to what was mentioned above. Moreover, 
the monolayer structure or the multilayer structure of other number of layerses other than a 
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three-tiered structure and two-layer structure can also be used for the magnetization fixed bed 
132 and the magnetization free layer 134. [0034] It is not limited to the value which could use 
the material of NiMn, IrMn, RuRhMn, and others other than PtMn, and also mentioned 
thickness above as 2nd antiferromagnetic substance layer 22. [0035] As 2nd non-magnetic metal 
layer 21, noble-metals materials other than Cu, such as Au or Ag, can be used. As thickness of 
this 2nd non-magnetic metal layer 21, 0.3-2nm is desirable and 0.3-lnm is more desirable. 
[0036] In case this 2nd non-magnetic metal layer 21 carries out patterning of the 2nd 
antiferromagnetic substance layer 22 which is a lead electrode by ion milling The magnetization 
free layer 134 under it is deleted, and a damage is received, and it is prepared in order to 
protect so that MR output-characteristics deterioration may not arise, and in order [ also when 
the 2nd antiferromagnetic substance layer 22 and the 1st antiferromagnetic substance layer 131 
are formed with the same material, ] to change both temperature characteristic mutually. [0037] 
Thus, if the conditions of annealing are suitably controlled by changing the temperature 
characteristic of both the antiferromagnetic substance layer, it will become possible to control 
both switched connection separately. It explains from an experimental result actual about this 
point below. [0038] About the multilayers which have a laminated structure as shown in drawing 
3 (A), the magnetization direction and temperature conditions were changed and annealing for 
two switched connection was performed. The laminated structures and thickness of these 
multilayers are Ta (5nm)/CoFe(lnm)/NiFe(4nm)/Cu(xnm)/PtMn (24nm) / Ta (5nm), and 
changed the thickness of Cu. CoFe/NiFe corresponds to the magnetization free layer 134 or the 
magnetization fixed bed 132, Cu corresponds to the 2nd non-magnetic metal layer 21, and PtMn 
supports the 2nd antiferromagnetic substance layer 22 or the 1st antiferromagnetic substance 
layer 131. In addition, the display which it77[ between elements ] Comes to set in this 
specification means that the laminating of both the elements is carried out up and down. 
"Ta/CoFe" Ta layer and the CoFe layer mean that the laminating is carried out so that, as for 
an unstated publication, Ta layer may turn down (substrate side). [0039] As 1st annealing, as 
shown in drawing 3 (B), the magnetic field of 3kOe(s) was impressed to the direction of a 
laminating, and parallel, and the temperature of 250 degrees C was maintained for 5 hours. As 
2nd annealing, as shown in drawing 3 (C), the magnetic field of 200Oe(s) was impressed to the 
direction of a laminating, and the perpendicular, and the temperature of 210 degrees C was 
maintained for 2 hours. [0040] The result is shown in a table 1 and drawing 4 . [0041] [A table 
1] 

[0042] Depending on the thickness, it is decreasing as bias magnetic field Hex-1 by the 
switched connection obtained by the 1st annealing has the largest case where there is no Cu layer 
and the thickness of Cu layer becomes large. On the other hand, when bias magnetic field Hex-2 
by the switched connection obtained by the 2nd annealing do not have Cu layer, bias magnetic 
field Hex-2 of the direction of a laminating and a perpendicular direction are not obtained 
substantially. This shows not disappearing by annealing whose bias magnetic field Hex-1 by the 
switched connection obtained by the 1st annealing is the 2nd time, either, when there is no Cu 
layer and the antiferromagnetic substance layer and the ferromagnetic layer have touched 
directly. That is, since the magnetization fixed bed 132 and the 1st antiferromagnetic substance 
layer 131 have touched directly, bias magnetic field Hex-1 by the 1st annealing does not 
disappear by the 2nd annealing, either. On the other hand, since the Cu layer 21, i.e., the 2nd 
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non-magnetic metal layer, exists between the magnetization free layer 134 and the 2nd 
antiferromagnetic substance layer 22, if annealing which is the 2nd time is performed, bias 
magnetic field Hex-2 of the direction of a laminating and perpendicular direction will be 
obtained. [0043] Also from drawing 4, the thickness of the Cu layer 21, i.e., the 2nd non- 
magnetic metal layer, is understood that about 0.3-2nm is desirable, and about 0.3-lnm is more 
desirable. [0044] Next, the thickness dependency of the 2nd antiferromagnetic substance layer 
22 of the switched connection bias magnetic field Hex between the magnetization free layer 134 
and the 2nd antiferromagnetic substance layer 22 and the 2nd non-magnetic metal layer 21 is 
explained. The following table 2 - a table 7 show the thickness dependency of the switched 
connection bias magnetic field Hex at the time of using IrMn which is PtMn and the irregular 
system alloy which are a regulation system alloy as 2nd antiferromagnetic substance layer 22, 
using Cu, Au, and Ag respectively as 2nd non-magnetic metal layer 21. CoFe(lnm)/NiFe (4nm) 
is used as a magnetization free layer. [0045] [A table 2] 

[0046] [A table 3] 

[0047] [A table 4] 

[0048] [A table 5] 

[0049] [A table 6] 

[0050] [A table 7] 

[0051] As a switched connection bias magnetic field Hex, 40 or more bigger Oes than the 
magnetic field from magnetic media are required, and the portion which expressed the numeric 
value with the thick wire serves as a practical use field in a table 2 - a table 7. For example, the 
2nd non-magnetic metal layer 21 is Cu, and when the 2nd antiferromagnetic substance layer 22 
is PtMn, and the thickness of a PtMn layer is 18-20nm, the thickness of Cu layer is 20nm or 
less. When the thickness of a PtMn layer is 15nm, the thickness of Cu layer is 15nm or less. 
When the thickness of a PtMn layer is 12nm, the thickness of Cu layer is 3-10nm, and when the 
thickness of a PtMn layer is 9nm, the switched connection bias magnetic field Hex of 40 or 
more Oes will be acquired for the thickness of Cu layer by 3-5nm. When manufacturing MR 
sensor, the thickness of a PtMn layer is more thin and the one where the thickness of Cu layer 
is thicker becomes easy [ a manufacturing process ]. [0052] Drawing 5 and drawing 6 show the 
cross section and plan which explain roughly the manufacturing process of MR sensor in this 
operation gestalt. Each plan shown in right-hand side expresses the plane seen from the 
laminating, and each cross section shown in left-hand side expresses the cross section seen from 
the A-A line of a corresponding plan. Hereafter, with reference to drawing 5 and drawing 6 , 
the manufacture method of MR sensor of this operation gestalt is explained. [0053] As shown 
in drawing 5 (A), first, on the aluminum20 shield gap layer 14 of the lower part formed by 
three layers As a substrate film 130, as a NiCr layer (4nm) and 1st antiferromagnetic substance 
layer 131 A PtMn layer (15nm), As the magnetization fixed bed 132, three layers (a CoFe layer 
(1.5nm), Ru layer (0.8nm), and a CoFe layer (2nm)), As 1st non-magnetic metal layer 133, as 
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Cu layer (2nm) and a magnetization free layer 134 Two-layer [ of a CoFe layer (lnm) and a 
NiFe layer (3nm) ], Sequential membrane formation of the 203 layers (8nm) of the aluminum 
is carried out in this sequence as 2nd non-magnetic metal layer 21 as PtMn layer (lOnm) and 
Ta layer 23' (lnm) and insulating-layer 24' as Cu layer (xnm) and antiferromagnetic substance 
layer of ** 2nd 22'. [0054] Subsequently, as shown in drawing 5 (B), the photoresist patterned 
layer 50 which has a pattern corresponding to the configuration of MR layered product and a 
lead electrode is formed on aluminum20 three-layer 24, as shown in drawing 5 (C), ion milling 
is performed, using this patterned layer 50 as a mask, and patterning of the MR layered product 
etc. is carried out. [0055] Subsequently, as shown in drawing 5 (D), after forming 51 203 layers 
of aluminum from on this photoresist patterned layer 50, as shown in drawing 5 (E), the 
photoresist patterned layer 50 is removed (lift off is carried out). [0056] Then, as shown in 
drawing 6 (A), the photoresist patterned layer 52 for creating the mask for patterning of 2nd 
antiferromagnetic substance layer 22' is formed on aluminum203-layer 24' and aluminum20 
three-layer 51, as shown in drawing 6 (B), RIE is performed using this patterned layer 52, and 
the mask 24 by aluminum20 three-layer 24' is created. CF4 is used as reactant gas for 
20aluminum3 etching. [0057] Subsequently, as shown in drawing 6 (C), exfoliation removal of 
the photoresist patterned layer 52 is carried out by ashing of 02. [0058] Subsequently, patterning 
of Ta layer 23' and the 2nd antiferromagnetic substance layer 22' is carried out by performing 
ion milling using a mask 24. By this, as shown in drawing 6 (D), one pair of Ta layers 23 and 
a lead electrode are constituted, and the 2nd 1 to antiferromagnetic substance layer 22 by which 
patterning was carried out so that the gap corresponding to the width of recording track might 
be separated and it might be located is obtained. In this case, since Cu layer as 2nd non- 
magnetic metal layer 21 is prepared in the bottom of 2nd antiferromagnetic substance layer 22', 
there is no un-arranging [ which the magnetization free layer 134 is deleted by ion milling, and 
receives a damage by it ]. [0059] then, it is shown in drawing 6 (E) - as - formation of a 
through hole 53, and a through hole - after performing formation of a conductor etc., the upside 
shield gap layer 14 and the upside up shield layer 12 are formed, and an inductive element is 
created by the well-known method on it. [0060] As mentioned above, in this operation gestalt, 
a PtMn layer is used as 2nd antiferromagnetic substance layer 22', and 203 layers of aluminum 
are used as the mask 24 for patterning. Since the milling rate ratio to PtMn of aluminum 203 
is three to 5 times, as for the thickness, it is desirable to be referred to as 2nd about 1/3-1/5 
of thickness. [ of antiferromagnetic substance layer 22' ] By using such a thin mask, the ion 
milling of a narrower pattern becomes possible. [0061] As 2nd antiferromagnetic substance 
layer, NiMn, IrMn, and RuRhMn other than PtMn can be applied, and Ta, Ru, Rh, and Si02 
other than aluminum 203 can be applied as the mask for patterning. [0062] The result of having 
changed the milling condition and having measured the milling rate of these various materials 
is shown in a table 8. [0063] [A table 8] 

[0064] As the 1st condition, it is RF output:250W, acceleration vo!tage:60V, and beam 
current :0.14A, beam voltage:370V, and pressure 7.6E-4Torr, and they are RF output:320W, 
acceleration voltage:70V, and beam current: 0. 18A, beam voltage:445V, and pressure 7.6E-4Torr 
as the 2nd condition. [0065] Although the milling rate was changed by changing milling 
conditions, the rate ratio between each material became almost fixed. Since the milling rate ratio 
of Si02 is three to 5 times, as for the thickness, it is desirable to be referred to as 2nd about 1 
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/ 3 - 1/5 of thickness. [ of antiferromagnetic substance layer 22' ] Moreover, since the milling 
rate ratio of Ta, Ru, and Rh is two to 3 times, as for the thickness, it is desirable to be referred 
to as 2nd about 1 / 2 - 1/3 of thickness. [ of antiferromagnetic substance layer 22' ] By using 
such a thin mask, the ion milling of a narrower pattern becomes possible. [0066] Drawing 7 and 
drawing 8 show the cross section and plan which explain roughly the manufacturing process of 
MR sensor in other operation gestalten of this invention. Each plan shown in right-hand side 
expresses the plane seen from the laminating, and each cross section shown in left-hand side 
expresses the cross section seen from the A-A line of a corresponding plan. Hereafter, with 
reference to drawing 7 and drawing 8 , the manufacture method of MR sensor of this operation 
gestalt is explained. [0067] As shown in drawing 7 (A), first, on the aluminum20 shield gap 
layer 14 of the lower part formed by three layers As a substrate film 130, as a NiCr layer (4nm) 
and 1st antiferromagnetic substance layer 131 A PtMn layer (15nm), As the magnetization fixed 
bed 132, three layers (a CoFe layer (1.5nm), Ru layer (0.8nm), and a CoFe layer (2nm)), As 
1st non-magnetic metal layer 133, as Cu layer (2nm) and a magnetization free layer 134 Two- 
layer [ of a CoFe layer (lnm) and a NiFe layer (3nm) ], Sequential membrane formation of the 
203 layers (8nm) of the aluminum is carried out in this sequence as 2nd non-magnetic metal 
layer 21 as PtMn layer (lOnm) and Ta layer 23' (lnm) and insulating-layer 24' as Cu layer 
(xnm) and antiferromagnetic substance layer of ** 2nd 22'. [0068] Subsequently, as shown in 
drawing 7 (B), the photoresist patterned layer 50 which has a pattern corresponding to the 
configuration of MR layered product and a lead electrode is formed on aluminum20 three-layer 
24, as shown in drawing 7 (C), ion milling is performed, using this patterned layer 50 as a 
mask, and patterning of the MR layered product etc. is carried out. [0069] Subsequently, as 
shown in drawing 7 (D), after forming 51 203 layers of aluminum from on this photoresist 
patterned layer 50, as shown in drawing 7 (E), the photoresist patterned layer 50 is removed (lift 
off is carried out). [0070] Then, as shown in drawing 8 (A), FIB is performed and the mask 24 
by aluminum20 three-layer 24' is created. [0071] Subsequently, patterning of Ta layer 23' and 
the 2nd antiferromagnetic substance layer 22' is carried out by performing ion milling using a 
mask 24. By this, as shown in drawing 8 (B), one pair of Ta layers 23 and a lead electrode are 
constituted, and the 2nd 1 to antiferromagnetic substance layer 22 by which patterning was 
carried out so that the gap corresponding to the width of recording track might be separated and 
it might be located is obtained. In this case, since Cu layer as 2nd non-magnetic metal layer 21 
is prepared in the bottom of 2nd antiferromagnetic substance layer 22', there is no un-arranging 
[ which the magnetization free layer 134 is deleted by ion milling, and receives a damage by it 
]. [0072] then, it is shown in drawing 8 (C) - as - formation of a through hole 53, and a 
through hole - after performing formation of a conductor etc., the upside shield gap layer 14 
and the upside up shield layer 12 are formed, and an inductive element is created by the well- 
known method on it. [0073] Also in this operation gestalt, a PtMn layer is used as 2nd 
antiferromagnetic substance layer 22', and 203 layers of aluminum are used as the mask 24 for 
patterning. Since the milling rate ratio to PtMn of aluminum 203 is three to 5 times, as for the 
thickness, it is desirable to be referred to as 2nd about 1 / 3 - 1/5 of thickness. [ of 
antiferromagnetic substance layer 22' ] By using such a thin mask, the ion milling of a narrower 
pattern becomes possible. [0074] It is the same as that of the case of a previous operation gestalt 
to be able to apply NiMn, IrMn, and RuRhMn other than PtMn, and for Ta, Ru, Rh, and Si02 
other than aluminum 203 to be applied as the mask for patterning as 2nd antiferromagnetic 
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substance layer, and it is still the more nearly same also about the thickness of these masks. 
[0075] As a modification mode of the operation gestalt described above, the layered product of 
the vertical bias magnetic field generating means for controlling the magnetic domain of this 
magnetization free layer 134, for example, a permanent magnet, a ferromagnetic layer, and the 
3rd antiferromagnetic substance layer for switched connection may be stuck and prepared in the 
both ends of the truck cross direction of the magnetization free layer 134 of the spin bulb MR 
layered product 13. [0076] Furthermore, it is clear that the conductor layer of the same pattern 
may be additionally prepared on the 2nd antiferromagnetic substance layer 22 and the Ta layer 
23, and a lead electrode may be constituted from both this conductor layer and the 2nd 
antiferromagnetic substance layer 22. [0077] It is good also as structure by which forms the 
conductor layer prepared additionally exceeding the 2nd antiferromagnetic substance layer 22, 
and a laminating is partially carried out on the magnetization free layer 134 and which carried 
out overlap arrangement. As compared with the amount (about 0.1 micrometers) of overlap of 
the well-known overlap structure which described the amount of overlap in this case previously, 
since it is small (about 0.4-0.5 micrometers), it does not produce un-arranging [ for which the 
effectual sensing field width of face of MR sensor spreads rather than the gap of a lead electrode 
]. [0078] This invention cannot be shown in instantiation, and not all the operation gestalten 
described above can show it restrictively, and can carry out this invention in other various 
deformation modes and modification modes. Therefore, the range of this invention is specified 
by only a claim and its equal range. [0079] [Effect of the Invention] As explained to details 
above, according to this invention, an antiferromagnetic substance layer (1st antiferromagnetic 
substance layer) makes MR layered product the bottom type structure where it is located in a 
substrate side. A non-magnetic metal layer (2nd non-magnetic metal layer) is prepared on a 
magnetization free layer, and the laminating of one pair of antiferromagnetic substance layers 
(2nd antiferromagnetic substance layer) which have conductivity on it is carried out. Switched 
connection of them is carried out to the edge field of that magnetization free layer overlapped 
caudad, and one pair of these antiferromagnetic substance layers fix magnetization of that portion 
while they operate as a lead electrode. Consequently, the portion of a magnetization free layer 
ceases to react to external magnetization, MR output is stabilized, and, moreover, the flare of 
effectual sensing field width of face can be prevented. [0080] Furthermore, since the laminating 
of the non-magnetic metal layer (2nd non-magnetic metal layer) is carried out on the 
magnetization free layer, in case patterning of one pair of antiferromagnetic substance layers 
which are lead electrodes is carried out by ion milling, a possibility that this magnetization free 
layer may be deleted and MR output-characteristics deterioration may arise becomes that there 
is nothing. Moreover, since the non-magnetic metal layer is prepared in the bottom of one pair 
of antiferromagnetic substance layers (2nd antiferromagnetic substance layer), When this 2nd 
antiferromagnetic substance layer and the 1st antiferromagnetic substance layer are formed with 
the same material, and both temperature characteristics will differ mutually and control the 
conditions of annealing suitably, it becomes possible to control both magnetization direction in 
the separate direction, he drawings, any words are not translated. 

CLAIMS [Claim(s)] [Claim 1] 2nd 1 to antiferromagnetic substance layer characterized by 
providing the following — having - **** - this - said magnetization free layer of a lower part 
portion of 2nd 1 to antiferromagnetic substance layer — this - a magneto-resistive effect sensor 
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characterized by 2nd 1 to antiferromagnetic substance layer carrying out switched connection 
The 1st antiferromagnetic substance layer this - a laminating is carried out on the 1st 
antiferromagnetic substance layer - having -- **** this - the magnetization fixed bed to 
which a bias magnetic field is impressed by switched connection with the 1st antiferromagnetic 
substance layer The 1st non-magnetic metal layer by which the laminating was carried out on 
this magnetization fixed bed this — a magnetization free layer from which a signal magnetic field 
which the laminating is carried out and is impressed on the 1st non-magnetic metal layer is 
answered, and the magnetization direction changes, and the 2nd non-magnetic metal layer by 
which the laminating was carried out on this magnetization free layer - this - conductivity by 
which the laminating was carried out by separating a predetermined gap on the 2nd non-magnetic 
metal layer [Claim 2] A magneto-resistive effect sensor according to claim 1 by which said 2nd 
non-magnetic metal layer is characterized by consisting of a noble-metals material. [Claim 3] 
A magneto-resistive effect sensor according to claim 1 or 2 by which thickness of said 2nd non- 
magnetic metal layer is characterized by being 0.3-2nm. [Claim 4] A magneto-resistive effect 
sensor given in any 1 term of claims 1-3 characterized by having further a conductor layer by 
which the laminating was carried out on said 2nd antiferromagnetic substance layer. [Claim 5] 
The thin film magnetic head characterized by equipping any 1 term of claims 1-4 with a 
magneto-resistive effect sensor of a publication. [Claim 6] A manufacture method of a magneto- 
resistive effect sensor characterized by providing the following, the 1st antiferromagnetic 
substance layer - this a step which carries out the laminating of the 2nd antiferromagnetic 
substance layer which has the magnetization fixed bed to which a bias magnetic field is 
impressed by switched connection with the 1st antiferromagnetic substance layer, the 1st non- 
magnetic metal layer, a magnetization free layer from which a signal magnetic field impressed 
is answered and the magnetization direction changes, the 2nd non-magnetic metal layer, and 
conductivity one by one from a substrate side, and forms a magneto-resistive effect layered 
product A step which carries out patterning of this magneto-resistive effect layered product to 
a predetermined configuration A step which carries out patterning of said 2nd antiferromagnetic 
substance layer so that a predetermined gap may be separated and it may counter mutually 
[Claim 7] A manufacture method according to claim 6 characterized by using a noble-metals 
material as said 2nd non-magnetic metal layer. [Claim 8] A manufacture method according to 
claim 6 or 7 characterized by forming thickness of said 2nd non-magnetic metal layer in 0.3- 
2nm. [Claim 9] A manufacture method given in any 1 term of claims 6-8 characterized by a step 
which forms said magneto-resistive effect layered product being a step which forms a conductor 
layer further on said 2nd antiferromagnetic substance layer. [Claim 10] A manufacture method 
given in any 1 term of claims 6-9 characterized by equipping said step which carries out 
patterning with a step which forms a mask on said 2nd antiferromagnetic substance layer, and 
a step which performs ion milling through this mask. [Claim 11] A manufacture method 
according to claim 10 characterized by using a mask which consists of Ta, Ru, or Rh layer as 
said mask. [Claim 12] A manufacture method according to claim 11 characterized by using a 
mask of thickness of about 1 / 2 - 1/3 of thickness of said 2nd antiferromagnetic substance layer 
as said mask. [Claim 13] A manufacture method according to claim 10 characterized by using 
a mask which consists of aluminum 203 or SiO two-layer as said mask. [Claim 14] A 
manufacture method according to claim 13 characterized by using a mask of thickness of about 
1 / 3 - 1/5 of thickness of said 2nd antiferromagnetic substance layer as said mask. [Claim 15] 
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A manufacture method given in any 1 term of claims 10-14 characterized by forming said mask 
by the reactive-ion-etching method. [Claim 16] A manufacture method given in any 1 term of 
claims 10-14 characterized by forming said mask by the focal DOION beam method. [Claim 17] 
A manufacture method of the thin film magnetic head characterized by forming a magneto- 
resistive effect sensor in any 1 term of claims 6-16 by the manufacture method of a publication. 

[Translation done.] 
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